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Gomponenmt Groyp: Combustion Devicas Preparad: A, Kay
| I BT A150.02 Approved: T. Hguyen
Parl Nurber: FEp0a01 Appreval Date: 55199
Zmumpenent; Heat Ex¢hanger Changz 4: 1
FMER llorm: LR Diractive 3; CCED ME3-21-5233

Fallure Mcda: Imlet, by pass Hne, culet ruptu-e,
Page: Taf 4

Cesigny Documest Reference -

A
TAILURE CALSE:  A: 'Wa'd ar parant materal Frecture.
THE [l £7, QUTLET, AND BYFASS LINE aSSCMBLIES ARE "AADE FROK HAYNES 183, HAYNESWAS CHOSEN roR ITE WELDABILITY, AMND STRENSTH AT SRYOCENIT AHNIF FvaATED
TEMSERATURES, THE ALLOY HAS RFFM TESTFI IN RN AN FOUMI "0RF SATISFACTORY 7] THF HFAT FXCHAMGER OUTLET DUCT WA TERIAL 1S AM IMCOMOL 714 M'CKEL
BASED ALLGY  IMCONEL 73 \WAS SELECTELD FOR STRENG TH, DUCTILITY, OXYSEN COMPATIFUTY, ANDWELDABILITY (2. PRMARY STRESS FACTORS 0% SAFETT MET CEI
REOUIPEMENTS (33 HWGH CYCLE AND LOW CYCLE FATIGUE ANALY 5SS EHIVIS THAT CEILIFE RECQUIREMENTS ARE MET (41, THE RYPASS LINE WAS DVS TESTED AS A PART OIF
THE HEAT EXCHANGER ASSEMBLY THE HEAT EXCHANGER ASSEMELY HAS SULCESRSFULLY COMPLETED O3 WIERATION TESTING (5), DWS PRESSURE CYCLIMG TESTING (6] DYs
UL TIMATE FRESSURE TESTING (7). OVS PROOF PRESSURE LEAK TESTING {8), AND MET ALL DVS REQUIREMEMTS. THE IKLET, UTLET, AMD BYPASS LINE ASSENELIES FARENT
M THAL WS GLEARED FONF: FRACTURE MECHANITSHMEE SLAKY GROVWTI SINCE THET COMTAIN N FRACTURE GRATICAL PARTS (9. THE FMELICIL WELRS ARE CEEARED FOP
FRAGCTURE MECHAMICE /MOE FLAW GROWTH BY THE WELD ASSFZEMENT (101, TAEIE A150 LISTS ALL FMEATIL WELDS AND IDEMTIFIES THOSE WELRS |k WHIG! TIIE CRITICAL
MITIAL FL&A SIZE IS NOT DETEC 18ELE AMD THODSE WELDS MM vWwHICH THE ROOT SrDE 1S NAOT ACCESSIBLE OK INSPECTION. THOSE WELDRS IMUVWHICH THE CRITICAL INITIAL F. A%
&I7E 'S NOT DETECTABLE ARE AGCEPTABLE SO FLIGHT BY RIS ASSESSNLNT (100, ENGIME 200 AM0GTHER ASSEMEBLIES WERE DESTRUCTIVELY ANALYZED AHC TEFRF Whs
NG EVDESNCZE GF FATIGUE

(1) RS ASA1-3 [T RE5-EERZE (3r RDEARLE CRICROCOHET; el RLIMHSZ CPIZ0RMCIE (51 ASS-5°1.90 (B) RES-513-R (V) RES G104N0; (8! HEZ-311-2; (2 MASA TASE 145 {im
336704
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CCEL MED-D1-523F
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1af 2

[Fably e Calges

SigvlFcart Chaiaelars| o5
BrYoAG3 L IMNE
HEX INLET
DUTLET H33EMBLY
DFTLET CUCT

MaTERIA IMTECRITY

HEAT TREAT
WELLINEGRITY

ASSER'BLY INTEGRITY

Inspecticn:s) / Tests)

MATERIA: IKTECRITY |5 YERIF'ED PER DRAMI NG AND SPECFICATION RECIIREMEMTS,

BYPASS LIME DETAILS ARE PENMETRAMT IMZPECTED PER SPECIFICATION RELLIREMENTS, PRIOR
TG LISE.

TUBING IS LLTRASONICALLY INSPECTED PER MATERIAL SPECIFICATION REQLUIRSMENTS.
CITLET DUCTY 15 ANHEALED 8N HEAT TREATED PER SPECIFICATIIN RECUIREMENTS.

ALL WELDS ARE INSPECTED TC DRAYANG AND SPECIFICATION RECQIUIREMENTS PER \WELD
CLASE |INSPECTICNS INCLUDE WISUAL, DIMENSIONAL. PEHETRANT, RADICERAPHIC,
ULTA8SCN'T AMD FILLER WATERIAL, AS APFLICAELE

BYFAES LIWE TUBE WELDS ARE BORESCT OFE INEFECTED AFTER FARRIGCATION PER DRAWNIMG
REQUIREMENTS.

WELD FLUSHING IS INBPECTED PER RRAUMMKNG RECUIREMEHTS.

CRIFICE FLANGES (IWLET AND QUTLET), BYPASS LINE, AND HEX, INLET AND OUTLET ASSCMBLIES,
AREZ FYLDROSTATIC TESTED AFTER FAERICATION. (PROOF TEST)

ABRELIUMLEAK TEST 13 PERFORMELD DM THE FLARNGES, OO &S5EMALY, AND THE EYHASS LINE
AFTER FARRICATICN.

THE HCT FIRE TESTING AND 2kD £ & MINSFECTICHS VERIFY &3ZEMBLY INTESRITY.

AN EXTERMAL LEAK CHECK OF ZOX HEAT EXCHANGER IMNTS |15 PERFGRMED PR TO EYERY
FLbskT

BYPAZE LINE TUBING AND CHLUFICE SUPPORT WARE MESH CLSHICK ARE INSFECTED FOR,
DAMASE EVERY TIME HPOTF 15 REMOVED, OR £,00C SECOMNDE

HEAT EXCHAMGER ASSEMBLY |15 LEAK TESTED FRIOR 7O EACH FLIGHT, (LAST TEST)
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FREIEER

RS007 55
MSaaend
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RAaT 150048
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Campanenl: Heat Exchanger Changa #: 1
FMEA Home 4150 Ditective #: Coeh ME3O1-51718
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Pape: 2of 2
Failure Causee Signiteant Charazieristics Irspeclithie) / Tersi s) Document Befzrarea
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WELD _ JINTS
Campunanl Group; Combusilan Devices Preparad: A Hay
CIL ham: A150 Appreved: T. Nguyen
Campardst: RS 000 Approval Date: B/E198
Part Number: Heat Exchangor Chanie ¥ 1
L Er Dl rective #: CCBD MET 4t 6233
Fage: 1 af 4
Crificar |nikial
R FlIw Size nok
Sida MNed Detactah &
Somparer Biasdc Part Mumnkber Wals Humber Weid Type  Glaas Access HOF LCF Comments
HEX BV PASS LIMF F5004685 12 GTAK | X
HEX QUTLET MaMIFCLD REN0A595 1.7 GTAW | X
FIEX, CUTLET MaMIFCLD FrSU0AGAR 34 T |
HEX G| DIAF 2 TANK RSnnsan 1 GTAS i X
X CRIDIZER TANE RsnnEan z GTAW n
H=x CXIDIZER TAMNK R HEERN a GETAN I x x X 1ALS0}
HEX CXIZZZR TANK ALOEAN d T A4S I X x
HEX OXIDZER TAME RS MRS 5 GTAWS ! x X
Hi-¥ DEIDIZER TAME B AR 8.7 GTaW" f x
HEX 2 CHZER TAME. RE AR BT ST |
[MF¥ DD ZER TAME. RS NDARM AOFT) Ean |
HEY, QUTER SHELL RS5 OOEREE AiOrT EgN | (AOR
HEX JOUTER SHE'L RE&ACRANT aiaFT) GTAN | 14 J50
HEX QULIZER FaMk |LIMFR RS ICEBOE *.8 GTAL It X
HEX QXiDIZER TAMNE LINER RS IDRBOE 20-23 26- GTAN If x
AR 72-87
HEX QXIIJER TAME LINER RSICEDOL 24,70 STAM | X
HE% O FER TAMWE LINER RSICEROR GE,7 GTAN |
HEX OXIDIZER TAME LINER RE2CEAOE o855 GTaM It X
HEX X IDIZER 1ANK L 'NER RECOAEDS 9310 ST 1] X x
FRACHET RSCOIE13 17 GTAW I X
ARAGKET RSCIA43 Fa ERNY 1l
BEACKET RE0u2E1Y 840 ETAVY il
HEX INNZR SHELL 25023811 1 GTANY |
HEX .MMHER SHZLL RE0GA211 23 FTAV |
FEX GG R50083+2 1z GTANY |
HEX CCIL RSOME 2 3 GTAV |
HEX CCl REO0ea1 2 4 LAY |
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S5ME ' ACIL
FIELD CONFIGURATION YARI~nCES FROM GiL RATIONALE

Componenl 3houp: Cambusticn Devices Frepared: N Ky
Item Mame: Heat Exchangs: Approvad: T. Kguyen
Item Numher. A5 Aparoval Date: g
Parld Mumtcr: REOCHEN Change #: 1
DFractiva #: CCEDMEY.01-5235
Fape: 1af z
3aze Line Ralisnzla Warianza Change Ratianake VanartDazh Humbar +
- - —
1. A15091 TURE WELLS NO WWELD POSITIGH MEASURCMENT ASSURED THAT WELDER COMPLETELY FUSED JOINT. "WHICH 201, .44+
MEATURED T WERIFY WFI T MEASUREMENT. PROVIDES HESH CONFIDENCE THAT MO SIGNIFICANT WFLD DFFFLTS EXIST.
VACTH AnDO CENTERED DN USE AS 15 RATIONALE:
JOINT {0OF.BE.229) 1. WELD WDTHS EEAN FROM DRISIMNAL XS AN COMFIDENCE THAT

JOINT WA S COMPLETELY FIRSED.

2, THINWRALL ALLOWYE HIGH RESCLUTIOMN X.RAYS AND X-RAY -
EWHARCEMERT AND INTERFRETATION 8% LEVEL * NOE GIWVES ADDED
ASSURAMCE OF MO EMGMIFICANT DEFECTE.

3. ETGH AND TYFE IV PENETRANT AFTER PROWOF AKL HOT FIKE (1
RS008311 WELD 1 ASSURES NO SICKRIFICANT | D, DEFECTS.

4. HIGH RESCLUTICN LD, BORESGOFE INSPECTION ARTER PRIMIF AN HOT
FIRE OF REGE811 WELD 1 ANE REIDER1Z WELD 3 PROVIDES AODITIONAL
CONFICENCE THAT NG SIGNIFICANT |.O. CEFECTS EXISTS.

5. X-FAY AFTER PRCOF AND HOT FIRE QF REMIEI12WELDS 1, 2, AMND 1 8005
COMFINENCE THAT NO ZIENIFICANT DEFECTS EXIST.

2 ALE00Y TUEBEWELDS ARE M PEWETIRMMT BEFORE REAM FROVIDED ADDITIONA] COMPIDENCE THA™ 1.0, SURFACE DEFFCTS DO HOT EHARRLER]
PESETIRART INSPECTED EEFQ3E  OF PRIMARY TURE WELL | IF.5. EXIT.
REAMIHG (GE-BB-229) USE A5 |5 RATIOMALE:
THIN WaLL ALLCWYS THGH RESOLUTOM £-RAy5. AL X-RAY
ENMHAMTEMENT AND INTERPRETATION BY LEVEL 3 HMEE SIVES ACDED
ASSURANCE OF MO SIGNIFICANT DEFGCTS
2 ETOMAMD TV PE IVC PEMETSANT AFTER FROOF AND HOT FIRE Cr
RSICEETY WELD 1 ASSUHES MO SIGNIFICANT LD, EFFECTS
3 HIGHRESDLUTION |.0. BORESCOME INSPECTION AFTER FRODE AMND HOT
FIRE OF REDDBET WELLD 1 AND R3003312 WELD 3 FROVIDES ADMNTIONAL
CONFIDENGE THAT NGO SHGHIFICANT |0, DEFECTS EXIST,
4. X.EAY AFTER FROCF ANMO HOT FIRE OF RSGLES12 WELD 3 ADDS
SONFIDENCE THAT MO SKINIFIZANT DEFECTS EXIST.
5 LEAK. TRET PREZH TO EACH FLIGHT WILL CETECT THROUGH CRACKS,
F. RE00RZ11 WELD S 1.0, 13 FENETRANMT INSPECTED AFTER REAMING, BUI
WITHOOT ETCHING

RES-A740-17
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LU!;IUHBIII: Lsradup: LB LSl b Lo e

[tam Mama; Heal Exchanger #.pp:ramd: T. Ngi;y&_-n
Iterm Mumber: A15D Approval Dake: = [, e
Part Mumhber: Reaogim Fhange #: 1
DMreclive & o8B0 ME2-D1-5338
Papge: 2n0f 2
fase Lire Ralonale Warianez Charge Ratignale Wa-iant Dask N ko .
1 A150-01 COIL WELDS ARE X- DMLY 3 2 RAY VIEWS CF CACH CGAVE aRDITIONAL 433 URANCE THAT SIGHNIFICANT DEFECTS ARE NGT <01, -4 *

FAYED (4 VIEWS) AFTER PRCCF  WELD. MO X-R4Y AFTER PRODF
PRELBURE TEST. {ECF 180287 FOR RSO0EE: Y WELDS.

DOUBLE VACUUM MELTING SFECIFICATION HAS A STRICT INCLUSION RATING <311, 341, 351,

I3 WERIFIED PER SPEC'F'CAT:ON 13 CIMMERICAL GRADE AIR
REQUIFEMFNTS (DOMIBLE MELT 313 CRES,

WACLIUM MELT 31EL SRES BAR

PFR R3O AI07M

MISZED AND THAT PREVIOUSLY UNCETECTED DEFECTS WHICH MAY GROW
TOCETECTABILITY IM FRCOOF TEST ARE FINND

USE AS IS PATIOMALE

|. PEMETRANT AFTER FROCF WOULD CETECT NEFECTS WHICH GROW TO
(X

4. THIMWALL ALLEAS HAGH AESQLLTION X-BAYE AND X-RAY
EMHANCEMENT AMD INTERPRETATION BY LEVEL 3 HDE GIYES ADELD
ASSURANGE OF MO SIGNIFICANT DEFECTS.

3 FTCH AND TYPE S PEMETRAMT AFTER PROCF AHND HOT FIRE CF
RIECIEEIT WELDS 1 ASSURES MO SIGMIFICANT [.0. DEFECTS.

4 LEAK TEST PRIOR TOQ EACH FUGHT WILL DETECGT THROUGH CRACKS,

REQUIREMENTS AND RELALMCES THE INCIDENCE OF MON-METALLIC G AT 3, 3 -
IMCLUSIONSTRINGERS WHICH COULD RESLUILT IM LEAKS A0 42, 431, <441 -
LISE AS 15 BATICHALE: £51 451, A7, -431

1. HEAT EXCHAMGERS ARE SUR JECT TO A FDST ACCERTAMCE TEST liass 491, -3, -321

SPECTROMETER LEAK DETECTOR (MSLEY CHECHK FER FLADISN.04 TO YERIEY
LOx CO'L LEAKAGE WATHIN AGCEPTANCE LIWITS,

2 FIVE HEAT EXCHAMGER FABRICATION UMITS UTHIZ ING &lR-MELT
MATERLAL WERE CRYQ-SYSLED AND MASE SPECTROMETER LEAK, CHECK
TESTZO TO VERIFY BIFURCATION JQINT INTEGRITY PER £0R 157925

2 ENGINEERING PROBABILITY AHALYSIS SHOWS | ESSENTIALLY NO
CHANCE CF HAVING & CRITHCALLY SIFED LEAK DSCLUR OURIMG A FLESHT
THIS AWMLY SIS WAS BASED ON CX TCHEIVE TESTING CF ACTUM. MATERLAL
SAMPLE 5 INCLUDING: INCLUSION CROSE-SECTIONAL AHALYSIS, CRYO.
CYCLING AND KPASE SPLCTROMETER LEAK DETECTION {(MSLD) TESTING.
REFERENCE UCR a0t1178.

4. ENGINEERING HAS DETERMINED THAT LEAMAGE RESLULTING FROM
BIFURCATION JOINT INCLUSION STRINGERS 1S "NOT HAZARDOUS TO ENGIME
HARDMARE" AS EVIDENCED B ENGINE 0209 WHICH SUS TAIMED THREE
NAINSTAGE TESTS WITH HROWH BIFURCATION JOIMT LEAMAGE WITHOUT AMNY
DELETERIOUS EFFECT 0N ENGINE HARDWARE QR PERFIRMAKCE,
REFERENCE UCR AD22612.




